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[57] ABSTRACT 

The present invention relates to a process for produc- 
ing cephalosporin derivatives of the general formula: 



and/or 






wherein R is hydrogen or an acyl group, which com- 
prises treating a compound of the general formula: 






'^ 



2 J, 3 

COOH 



wherein R is as defined above, with a divalent chro- 
mium compound such as chromous acetate or chro- 
mous sulfate. According to the method of the present 
invention cephalosporin derivatives can be obtained in 
a high purity and high yield without the use of expen- 
sive large amounts of metal catalysts. Cephalosporin 
derivatives are known to have good adsorption and/or 
distribution in the living body and some of the com- 
pounds derived according to the present invention 
have excellent value in the treatment of various bacte- 
rial infections. 

13 Claims, No DraUvtngs 
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PROCESS FOR PRODUCING CEPHALOSPORIN 
DERIVATIVES 

The present mvention relates to a novel process for 
producing cephalosporin derivatives and more particu- 
larly to a process for producing cephalosponn deriva- 
tives having a methyl group at the 3-position of the 
general formula: 



n 



(I) 



OOOH 



wherein R is hydrogen or an acyl group. 

Some cephalosporin derivatives are known to have 
excellent antibacterial activities and show good absorp- 
tion and/or distribution in the living body and such 



wherein R is as defined above, and the 3-methyIene 
compound (III) can be easily isomerized to cephalo- 
sporin derivatives (1). These methods are entirely free 
from the disadvantages inherent in the conventional 
methods mentioned above and enable the desired com- 
pounds to be produced without difficulty m a high 
purity and in a good yield. 
The principal object of the present invention is to 

10 provide a novel and industrial process for producmg 
cephalosporin derivatives (1). 

Another object of the present invention is to provide 
3-methylene compomids (III), which are convertible to 
cephalosporin derivatives (I) and methods for prqduc- 

15 ing them (III). . , ,„.„ 

Other objects of the present invention and advan- 
tages thereof wUl become apparent as the descnption 

=» . ^ . J „,, ""Accordine to the present invention, cephalosporin 

tion and/or distribution in the hving body and such . /^ ^ ^^ j^eed by treating 3-acetox- 

cephalosporin derivatives as cephalothm, cephalon- ^envahves W c^ P ^,^ ^ ^^^^^^^ ^^^^^.^^ 

dine and^ephalexin have been actually P« '° -?; ^^*i;„3°^en 3-me.hylene compounds (ffl) are 

S:;'^'Snrbfcj"erSvl:i?.hrtrra?^StTf P^f ced, by isomeri.ng 3-me.hylene compounds 

=js::sSr:tr;:^:S5^5 ^= li^^'z^i;^^T^^ 

cephalosporin derivatives having a methyl group at the P°™^ ™' "f;^ V^ or substituted carboxylic acid and 
3-positio„,maybementionedthecatayticreductionot ^^^^^^ny one which has been used as the N- 
7-amino or 7-acylamino-3-acetoxymethyl-3-cephem-4- may include y i,^, „„ cr penicilhn 

carboxylic acid derivatives and the conversion of pen^ ^^^ ^ °^^ ,t^„_ ^^ ,„ 5-amino-5-carbox- 
ciUin derivatives to cephem-ring compounds which ^^^e"" and i" N-Lyl compound, thienylacetyl, phe- 
comprises the rearrangement reaction of the penam ^^''J'f ™ ' ^ J ,.^ee^l, pyridylthioacetyl, phe- 
ring. However, both methods are not fully 'f^^to^ Sxvace yl sSethyW-phenyM-isoxazolylcarbonyl, 
from a commercial point of view. Thus, fte former 1°^^^^l^J2^y cyanoacetyl, tetrazolylacetyl, 
method involves Bie use of an -P=»f„=J^^^J= ^^'^^ '^ ^eCultonylft^-^car^onyl, ^-phenylsulfonylethox. 
in such large amounts as are not conceivable m tie ^^ ^ acylaminomethylphenyl-acetyl and the hke. 
usual catalytic reduction reactions and, also, frequentiy 5"^^°°^^=^^? „.,„t,atuted acyl group is employed, 
requires a complicated extraction P^'^''''-^. "h"* ^SrSleTpreviously mask the amino group with 

reduce the yield extremely because the j=nd product '^^^^^°'"J of an amino group such as ^-methyl- 
''^tl^rS^it!^^^ZT:^Sl^r.nyi.M 40 siSfonyledioxyearbonyl, isobomy.oxycarbonyl, proton 
because it involves at least four reaction steps, namely ^"J^°3™;.^,^ thyl compounds (11) are preferably 
the esterification of the 3-carboxyl S'°"P.°'*=;'^f "f . / ^ ,^^^ ^.^ „ ,^1, for example, an 

material penicillin derivative, the ^"''"''■'i^™ ,f.«'n ^'^, "j^ .^It (e.g. sodium salts, potassium salts, etc.), 
ester, the rearrangement reaction and the hydrolysis of '^^^^.^'^^ /, ^ organic amine salt (e.g. triethyl- 
the 4-carboxyli= acid ester group of the resultmg ceph- ^^ZT^U. cyclohexylamine etc.), intramolecular salt, 
alosporin compound. . , j- ;= hptaine 

It has been found that, by the treatment with a diva- '•'=• °|3,3i;.„, ehromidm compound to be employed in 
lent chromium compound, a 3-acetoxymethyl com- ^.'^"'^^^^^^i^^ j^ exemplified by chromous acetate, 
pound represented by the general formula. ^^ chromous sulfate, chromous chloride, chromous ethyl- 

enediamine and the like. The anions of those chromium 
compounds may be freely selected according to other 
condiUons of this invention, e.g. the type of solvent and 
of 7-acyl group. Theoretically, an equivalent of the 
55 divalent chromium compound is employed relative to 
3-acetoxymethyl compound (11). However, there are 
_ __.! :- 4-ua xs'ii^tinn nrnceeds smootniy 




(II) 



COQH 



wherein R is as defined before, can be readily con- 
verted to cephalosporin derivatives (I) and/or a novel 
3-methylene compound of the general formula; 

COOH 



j-aceioxymeuij'» wu."p •.-/- 

instances wherein the reaction proceeds smoothly 
when a slight excess of chromium compound is em- 

60 '' °rthe course of the present reaction, the divalent 
chromium compound is oxidized to the trivaler.t chro- 
mium compound. However, the latter compouno can 
(III) be reconverted to the divalent chromium compound 
for reuse by applying a reduction potential m a ca- 

65 thodic reduction circuit. The process of this invention 



o /-I c /onn7 
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may also be carried out advantageously in the presence 
of a metal or metallic ion having an ionization potential 
which reduces chromic ions (III) to chromous ions (11) 
in the reaction system. Among typical examples of such 
metal or metallic ions, there may be mentioned iron, 
copper, zinc, lead, arsen, tin, manganese, nickel, cu- 
prous ion, and so forth. 

As the solvent to be used in the present reaction, any 
suitable solvent which does not hamper the reaction 
can be employed; exemplary solvents includes water, 
such organic solvents as alcohols (e,g. methanol, etha- 
nol, etc.), ethers (e.g. tetrahydrofuran, dioxane, etc.) 
or acetone, acetonitrile, dimethylformamide, dimethyl- 
sulfoxide, etc. and various mixtures of such solvents. 
The reaction can be advantageously carried out partic- '5 
ularly when water is concomitantly present. While the 
reaction temperature and time depend upon such fac- 
tors as the types of 3-acetoxymethyl compound (11), a 
divalent chromium compound and solvent and the like, 
the reaction is generally conducted at a temperature of ■=" 
the range from 0° to 1 00°C for a period varying firom a 
few minutes to several days. The reaction can be ad- 
vantageously carried out in an atmosphere of carbon 
dioxide or nitrogen or at a pH of 2 to 8, preferably at a ^^ 
pH of 4 to 8. 

By selecting a suitable combination of reaction con- 
ditions withm the scope heretabefore indicated, a ceph- 
alosporin derivative and a 3-methylene compound 
(iU), as well as their salts, can be produced either selec- 
tively or as a mixture. 3-Methylene compounds (III), J" 
which are among the thus obtained compounds can be 
isomerized to cephalosporin derivatives (I), to this 
reaction, the starting compounds (ni) to be used may 
be in the ester form, which ester residue may be exem- 
plified by organic groups such as methyl, ethyl, benzyl, J= 
benzhydryl, methoxybenzyl, isobornyl, methylthi- 
omethyl, /3-methyIsulfonylethyl, phenyl, nitrophenyl, 
B-trichloroethyl, etc., or inorganic groups such as tfi- 
methylsilyl, dimethylsilenyl and the like. Incidentally, 
when a polyflinctional esterifying agent such as duneth- ™ 
yidichlorosilane is employed, the ester residue may 
contain one or more cepham nuclei. The isomenzanon 
reaction can be conveniently carried out in a solvent 
and in the presence of a catalyst. Among the useful 
solvents, to be employed according to the present m- " 
vention may be mentioned such organic solvents as 
methanol, ethanol, acetone, tetrahydrofuran, dioxane, 
chloroform, ethyl acetate, ether, benzene, dichloro- 
methane, etc.; such basic solvents as aromatic or ter- 
tiary amines (e.g. pyridine, picoline, lutidine, quino- ™ 
line isoquinoline, dimethylaniline, tnethylamme, N- 
methylpiperidine), etc. or a mixture thereof. As the 
said catalyst, there may be employed any of the above- 
mentioned basic solvents, as well as any of such adsor- 
bents as silica gel, alumina, and so on. The temperature 
and time of this isomerization reaction depend upon 
such factors as the types of starting compounds (1), 
solvent, and any additive used to promote the isomeri- 
zation. Generally, those variables are selected within 
the range of 0° to lOO'C and the range of a few mmutes 6" 
to several days. . 

Among the 3-methylene compounds (III), those m 
which R is an acyl group, may be converted to the 
cephalosporin derivatives (!) by deacylatmg at the 
7-position and subjecting the 7-amino compounds thus 
obtained to the isomerization reaction and then to the 
acylation reaction to be explained below. The order of 
the latter two reactions can be altered if desired. Those 



4 



procedures are preferably adopted to such compounds 
as are derived from cephalosporin C. 

The deacylation reaction can be effected in a snnilar 
manner employed in the production of 7-aminoceph- 
alosporanic acid from cephalosporins. For example, 
when the acyl groups at the 7.position of 3-methyIene 
compounds (111) have a tree amino group, 7-ammo 
compounds can be obtained by treating 3-methylene 
compounds (III) with a nitrosation agent, followed by 
hydrolysis. The nitrosation agent includes, for example, 
nitrosyl chloride, nitrosyl bromide, nitrous acid, ali- 
phatic alcohol esters of nitrous acid, nitrogen dioxide, 
nitrosylsulfuric acid and the like. This reaction is usu- 
ally carried out in a solvent. Such aliphatic acids as 
formic acid, acetic acid and the like are coinmonly 
used as the solvent. Alternatively, mixtures of these 
acids and conventional organic solvents such as ben- 
zene, toluene, nitromethane, dichlorom ethane, chloro- 
form tetrahydrofuran and the like may be used. It is 
preferable to conduct the reaction under coolmg in 
order to suppress the undesirable side reactions. The 
reaction product can be hydrolyzed without isolation. 

If the acyl groups at the 7-position of the 3-methylene 
compounds (lU) have no free amino group, 7-amino 
compounds can be produced by treating 3-methylene 
compounds (III) with an imido halide forming agent 
and the thus-obtained imido halide is converted into 
the imino ether, followed by hydrolysis. These reac- 
tions may be also applicable to the cephalosporin com- 
pounds having protected amino groups, the protecting 
group of which does not interfere with this reaction; for 
example, benzyloxycarbonyl, methoxycarbonyl, t- 
butoxycarbonyl, i-butoxycarbonyl, g-methylsul- 
phonylethoxycarbonyl, isobomyloxycarbonyl and the 
like. The imido halide forming agent may be a halide 
derived from carbon, phosphor or sulfur, or an oxyha- 
lide derived from their oxy acids. They include, for 
example, phosphorus oxychloride, phosphorus penta- 
chloride, phosphorus trichloride, thionyl chloride, 
phosgene, oxalyl chloride and the like. The imido hal- 
ide forming reaction is advantageously conducted in a 
solvent. The preferable solvent is a tertiary amine such 
as triethylamine, pyridine, dimethylaniline or the like. 
After the imido halide formation, an alcohol is added to 
the reaction mixture to obtain the corresponding imino 
ether. The alcohol employed in the imino ether forma- 
tion may be a lower alcohol such as methanol, ethanol 
or the like. It is preferred to conduct the above-men- 
tioned reactions under cooling in order to suppress the 
undesirable side reactions. The thus obtained imino 
ether is hydrolyzed with water to give 7-amino com- 
pounds. This hydrolysis may be carried out smoothly by 
adding a small quantity of acid such as formic acid, 
acetic acid, etc. On the completion of the hydrolysis, 
the pH of the reaction mixture is adjusted to be within 
the range from 3.5 to 4.0 to yield in high punty the 
desired 7-amino compounds. 

In these deacylating reactions, the carboxyl group of 
the starting 3-methylene compounds (III) may be pro- 
tected as in the form of an ester such as benzyl, ^- 
methylsulphenylethyl, benzhydryl, trimethylsilyl ester 
or the like. 

The thus-obtained 7-amino compounds may be acyl- 
ated with a suitable carboxylic acid or its functional 
derivatives to prepare the desirable cephalosporin 
compounds having excellent antibiotic activity. The 
desirable carboxylic acids employed for the acylation 
include phenylglycine or its substituted derivatives at 
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the amino group, phenylacetic acid, p-mtrophenyla- 
cetic acid, 1-cyclohexenylglycine or its substituted de- 
rivatives at the amino group, trimethylcyclohexynylgly- 
cine, thienylacetic acid, a-sulfophenylacetic acid, tet- 
razoiylacetic acid, and the like. The substituent of the 
above-mentioned amino group includes methoxycar- 
bonyl, benzyloxycarbonyl, t-butoxycarbonyl, isobor- 
nyioxycarbonyl, benzoyl, nitrobenzoyl and the like. 
In the acylation reaction, when a free carboxylic acid 



disc), an absorption due tb a ^-lactam at 5.75 fi and in 
the ultraviolet spectrum (water) shows an absorption 
maximum due to the A»-cepham ring at 260 m/i. 

The nuclear magnetic resonance spectrum (heavy 
water, 100 Mc) of the same compound shows a singlet 
due to the 3-methyl group at 2.14 ppm, an AB quartet 
due to the 2-methylene protons at 3.59 ppm, doublets 
(J»r=4 ops) due to the protons in 6 and 7 positions at 
5 26 ppm and 5.76 ppm, respectively, and a multiplet 



In the acylation reaction, when a free oarboxyhc acid =-^° PP" ■'"^ ^:'" »'''.'"• ■':;"i\n t^ 7 70 nnm 
is ImUyi as the acylatingagenM. is advantageous to .0 duetofteta^^^^^^^ 

S/i'^t: '^^'^^^r^^ (K^r^rra-S^tion due to a ^-lactam at 5.75 . 

Srthe carboxylic acids include acid halides, acid 3^64. a f|>" ''- '"IXuhITm" ps duf o^h" 
anhydrides mixed acid anhydrides,, active amides, es- 20 phene at 4.07 ppm, a ■><>"«« (J 3 ^W d"= "> » 
ters and the like Particularly usable examples are acid 3-exomethylene group at 5.42 ppm, doublets (J»r-» 

and the like. This reaction, in general, can advanta- protons at 7.15-7.60. 

geously and smoothly be conducted in a solvent. The 23 EXAMPLE 2 

solvent may be any solvent or solvent mbrture so long . „„I,,„e of water and 

-^r-^\ss^s*:rs;-t^s:- .^^JX^^o.^^-^::^ 

Zxane aeetonUrile, chloWform, dichloromethane, sodium '"(^-ttonylacetamido) eephalospoi^aK a^^^ 
"Vt'reTctt^n product obtained in the above manner 35 layer Is separated and esterified with diazontethane in 

T=^^:=^sr^SSo;pori„ is^':T^:^tp:^^o^.. 
"^Jsi-l^Lr^^rs^or " ■"^s:^X;o^^^i.r;^=ets^ 

to that gram(s) and m.llihter(s). ^^|^^^^_^ .^ ^^ 6-position at 5.10 ppm, a doublet of 

EXAMPLE 1 doublet (Jir-4 cps, J,.»fl=10 cps) due to the hydrogens 

nate and 400 parts of chromous acetate and the mix- thiophene rmg protons at 6^90-7.30 pprn^ 

-rrX- --^a^eoSs^ri :^d^^^^^S.C,5,..„,4.57;.,7,,4. 
sokm hydrogen carbonate and then, treated «.th a ^0^"^. C L 8 "• f •^''. N, 7 92. _^^^ ^ ^^^^^_ 
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compound shows an absorption maximum at 233 m^ 
(e=9092) but no absorption indicative of a a -cepnem 
ring at 260 m/x. , ^ ^ . 

■nie nuclear magnetic resonance spectrum (deuteno- 
chloroform 100 MO of the same compound shows a 
pair of doublets (J=13 cps) due to the 2-methylene 
protons at 3.12 and 3.62 ppm, a singlet due to the ester 
methyl group at 3.72 ppm, a singlet due to the 2-methy- 
lene protons of the thiophene ring at 3.78 ppm, a sm- 
slet due to the protons at 5.01 ppm, a broad smglet due '" 
fo the 3-exomethylene protons at 5.17 ppm, a doublet 
(J^^ cps) due to the proton in 6-posinon at 5.i2 
pom a doublet of doublet (JB.r=4 cps, J,.»»-10 cps) 
due to the protons in 7-position at 5.60 ppm, a doublet 
(J,„^IO cps) due to the 7-NH at 6.45 ppm and a 
multiplet due to the thiophene ring protons at 
6.80-7.20 ppm. 

EXAMPLE 3 

When the reaction of Example 2 is conducted for 48 20 
hours, methyl 7-(thienylacetamido)-3-methyl-3-ceph- 
em-4-carboxylate alone is selectively obtamed. 
EXAMPLE 4 

To a mixture of 8000 parts by volume of water and 25 
200 parts by volume of acetic acid are added 400 parts 
of7-CD.2-amino-2-phenylacetamido)-cephalosporanic 
acid 400 parts of chromous acetate and 200 parts ot 
zinc'dust, and the mixture is stirred under a nitrogen 
atmosphere at room temperature for 48 hours. The 
reaction mixture is adjusted to a pH of 4.5 w.th an 
aqueous solution ot sodium hydrogen carbonate and, 
then, cooled, whereby 7-(D-2-ammo-2-ammo-2- 
phenylacetamido)-3-methyl-3-cephem-4^:arboxylic ^^ 

acid is obtained. 

This compound shows in the ultraviolet spectrum 
(water) an absorption due to the a»-cephem nng at 260 
„u. (e=7700), and the nuclear magnetic resonance 
spectrum (heavy water, 1 00 Mc) of the correspondmg 
sodium salt shows a singlet due to the 3-methy group at 
2 06 ppm, an AB quartet due to the 2-methylene pro- 
tons at 3.45 ppm, two doublets due to the protons m 
6 7-positions at 5. 14 and 5.66 ppm, respectively, and a 
singlet due to the phenyl ring protons at 7.62 ppm. ^^ 
EXAMPLE 5 

To a mixture of 6000 parts by volume of water. 200 
parts by volume of acetic acid and 2000 parts by vol- 
ume of dimethylformamide are added «° P-''^ "f ,„ 
nminocephalosporanic acid, 400 parts of chromous 
chloride and 1 00 parts of iron dust. 

The mixture is stirred at 40"C for 30 hours^ After 
filtration the reaction mixture is adjusted to a pH of 4 5 
with an aqueous solution of sodium ^y^^ofH^^^l' 55 
ate and then, cooled, whereby 7-amino-3-mefhyl-3- 
clphem:4-carboxylic acid is obtained. This compound 
SsTn the infrared spectrum (Nujol) an absorption 
due to a /3-lactam at 5.58 ^ and in the ultraviolet spec- 
uum (waer), an absorption due to a A'-cephem ring at ^ 
263 m/t (6=7500). 

EXAMPLE 6 

To 8000 parts by volume of water are added 400 
parts of potessium ^-phenylacetamidocephalospora- 
nate, 400 parts of chromous sulfate and 10° Pf<= « 
copper dust. The mixture is stirred at 70 C for 20 
Ss After filtration, the reaction mixture is adju ted 
to a pH of 6.8 with an aqueous solution of potassmm 



carbonate and treated with a polystyrene resm column, 
whereby potassium 7-phenylacetamido-3-methyl-3- 
cephem-4-carboxylate is obtained. This product has a 
melting point of 212°-213-C and showsmthe infrared 
spectrum (KBr disc), an absorption maximum due to a 
/lactam at 5.75 h- ■ The nuclear magnenc resonance 
fpectrum (heavy water, 60 Mc) of this compound 
shows a singlet due to the 3-methyl group at 1.89 ppm 
and two doublets {Ui~i cps) due to the protons m 
6,7-positions at 5.02 ppm and 5.53 ppm, respecuvely. 
EXAMPLE 7 

To 7000 parts by volume of water are added 420 
parts of sodium 7-(2-thienylacetoamido)cephalos- 
Donuite and 270 parts of chromous chloride. The mix- 
ture is stirred under a nitrogen atmosphere at room 
temperature for 30 hours. 

The reaction product is treated in the same manner 
as Example 2, whereby 28 parts of methyl 7-(2- 
thienylacetoamido)-3-methylenecepham-4-carboxy- 

late is obtained. 

EXAMPLE 8 

To 14000 parts by volume of dunethylsulfoxide in 
7000 parts by volume of water are added 412 parts of 
sodium 7.phenylacetoamidocephalosporanate and 600 
parts of chromous acetate. 

The mixture is stirred under a nitrogen atmsophere at 
room temperature for 24 hours. The reacdon mixture is 
poured into a large amount of water, fo lowed by ad- 
iustina to a pH of 2 with dilute hydrochlonc acid and 
ixtracting with ethyl acetate. The ethyl acetate layer is 
separated and dried over magnesium sulfate. To the 
dried ethyl acetate layer is added f -'"ta"" "' 1°" 
dium 2-ethylhexanate in isopropanol to yield S7 parts 
of sodium 7-phenylacetoamido- 3-exomethyleneceph- 
am-4-carboxylate melting at 220° to 222=C (decompO. 

This compound shows in the infrared spectrum (KBr 
disc), an absorption due to a ^-lactam at 1740em- and 
an absorption due to the exomethylene at 920 cm . 

The nuclear magnetic resonance spectrum (heavy 
water 1 00 Mc) of the same compound shows a quartet 
due to the 2-methylene protons at 3.64 ppin, a smglet 
due to the hydrogen in the 4-position at 5.12 ppm, two 
singlets due to the 3-exomethylene proton at 5.3^, 3.4 
ppm, an AB quartet due to the 6,7 protons at 5.46 ppm. 
EXAMPLE 9 

A sodium 7-acylamidocephalosporanate having an 
acvl group listed in the following table is treated in the 
sirnilar manner as Example 8 to give the corresponding 
sodium 7-acylamido-3-exomethylenecepham-4-car- 

boxylate. 



Aa acvl group of Physicochemical properties 
SSprMct'^ otlheproduci 



Phenoxycetyl M.p.: 208 to 212-C (deamp.) 

Infrared spectrum (KBr disc) 
1750 cm-^ O-lactam) 
920 cin-'lexomelhytene protons) 
Nuclear magnetic resonance spectrum 
(heavy water. 100 Mc) 
3.62 ppmCquartet due to 2-methylene 

protons) , , 

5.32 ppm (singlet due to hydrogen 

in the 4-position) 
S.SO. 5.82 ppm (doublet due to 3- 

exomethylene protons) 
5.60 ppm (AB quartet due to hydrogens 

in 6,7-positiQns) 
D-2-amIno-2- Nuclear magnetic resonance spectrum 
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-continued 



10 

EXAMPLE 12 



An acyl group of Physicochemical properties 

the product of the product 

phenylaceiyl {heavy water. 100 Mc) 

3.50 ppm (quartet due to 2-methyiene 

protons) 
5.07 ppm [singlet due to hydrogen 

in 4-position) 
5-33 ppm {singlet due to 3-exomethylene- 

protons) 
5.49, 5.65 ppm (doublet due to hydro- 
gens in 6,7-position 

(J> ^cps)) 
Elementary analysis 
Calculated for CiBHisNaOaSNa: 

C, 52.03; H, 4.36 
Found: C, 51.93; H. 4.75 
5-amino-5- Nuclear magnetic resonance spectrum 

carhoxyvaleryl (heavy water. 100 Mc) 

3.74 ppm (quartet due to 2-methy!ene 

protons) 
5.21 ppm (singlet due to hydrogen 

in 4-position) 
5.63 ppm (singlet due to 3-eKo- 

methylene protons) 



EXAMPLE 10 

1.5 parts of the disodium salt of 7-C5-carfaoxy-5- 25 
aminovaIerylamino)-3-exomethylenecepham-4-car- 
boxyljc acid is dissolved in 4 parts by volume of 99% 
formic acid under ice-cooling. 

To this cooled solution is added a solution of 0.3 
parts in one part by volume of formic acid. After 5 30 
minutes, the reaction mixture is concentrated under 
reduced pressure. To the residue is added 3.5 parts by 
volume of water, followed by adjusting the pH to about 
3.5 with an aqueous solution of sodium hydroxide 
under ice-cooling. The resulting precipitates are col- 35 
lected by filtration to obtain 7-amino-3-exome- 
thylenecepham-4-carboxylic acid. 

Elementary analysis: Calculated for CgHioNjOaS. I /4- 
HaO: C, 43.92; H, 4.83; N, 12.82; S, 14.65. Found: C, 
43.76; H, 4.73; N, 12.40; S, 14.43. 40 

In NMR spectrum (deuterio trifluoroacetic acid, 100 
Mc), this product shows an AB-quartet due to the 2- 
methylene protons at 3.61 ppm, two doublets due to 
the Cg and Cr-hydrogens at 5. IS and 5.68 ppm, respec- 
tively CJa-j=* '=ps). a singlet due to the hydrogen in the 45 
4-position at 5.36 ppm and a slightly broad singlet 
assignable to the 3-exomethylene protons at 5.48 ppm. 

EXAMPLE 1 1 
3 parts of 7-(2-thienylacetamido)-3-exome- 50 
thylenecepham-4-carboxylic acid is added to 100 parts 
by volume of dichloromethane. To the mixture are 
added 5 parts by volume of pyridine and 1 parts by 
volume of trimetiiylchlorosilane and stirred for 10 min. 
at room temperature. The reaction mixture is cooled to 55 
— 1 0'C, and 1 parts of pyridine and 7 parts of phospho- 
rus pentachloride are added to the cooled mixture, and 
the mixture is stirred for 20 min. to form the imino 
chloride. The reaction mixture is further cooled to 
-20''C. and 125 parts by volume of methanol is added 60 
thereto to prepare the imino ether. The thus obtained 
mixture is warmed up to room temperature, and 20 
parts by volume of a 25% aqueous formic acid is added 
thereto. Triethylamine is further added thereto to ad- 
just the pH at about 3.5. The resulting precipitates are " 
collected to obtain 7-amino-3-exomethylenecepham-4- 
carboxyiic acid, which is found to be identical with the 
product obtained in Example 10. 



7-( 5 -carboxy-5-isobornyloxycar- 
bonylaminovalery!amido)-3-exomethylenecephain-4- 
carboxylic acid is treated in the similar manner as Ex- 
ample n to give 7-amino-3-exomethylenecepham-4- 
carboxylic acid. 

EXAMPLE 13 

' To 14000 parts by volume of dimethylsulfoxide in 
7000 parts by voltmie of water are added 400 parts of. 
sodium 7-[D-2-amino-2-(l-cyciohexeayI)- 

acetoamidojcephalosporanate and 400 parts of chro- 
mous acetate. 

'■ The mixture is stirred in a nitrogen atomosphere at 
room temperature for 24 hours. The reaction mixture is 
poured into a large amount of water, followed by ad- 
justing to a pH of 4.5 with an aqueous solution of so- 
dium hydrogen carbonate and cooled. The resulting 

I precipitates are collected by filtration. The thus ob- 
tained compound, after drying, is added to 2000 parts 
by volume of pyridine, followed by the addition of 1 00 
parts of trimethylchlorosilane. The mixture is allowed 
.to stand at room temperature for 24 hours. The reac- 
tion mixture is concentrated under reduced pressure. 

To the residue are added 300 parts by volume of 
water, followed by filtration. The filtrate is brought to a 
pH of 4.5. The precipitates formed thereupon are col- 
lected by filtration to obtain 35 parts of 7-[2-amino-2- 
(l-cyclohexenyI)-^etamido]-3-methyl-3-cepham-4- 

carboxylic acid. 

In the ultraviolet spectrum (in an aqueous solution of 
sodium hydrogen carbonate), this compound shows an 
absorption maximum at 258 m/i. In the infrared spec- 
trum (KBr disc), this compound shows an absorption 
due to a (3-lactam at 6.3 {jl. 

EXAMPLE 14 

Under ice-cooling, 200 parts of 7-amino-3-exome- 
thylenecepham-4-carboxylic acid and 500 parts of so- 
dium hydrogen carbonate are dissolved in 10,000 parts 
by volume of water. To this solution is added dropwise 
a solution of 1 64 parte of 2-thienylacetyl chloride in 
1 000 parts by volume of acetone. The mixture is stirred 
at S^-IO^C for 1 hour. The resulting reaction mixture is 
washed with 50,000 parts by volume of ether, brought 
to a pH of 2.0 with dilute hydrochloric acid and ex- 
tracted with ethyl acetate. The ethyl acetate layer is 
dried and, then, a solution of sodium 2-ethylhexanoate 
in isopropanol is added. The precipitates formed there- 
upon are dissolved in water and lyophilized to give 270 
parts of sodium 7-(2-thienylacetamido)-3-exome- 
thy!enecepham-4-carboxylate. 

In the infrared spectrum {KBr disc), this product 
shows an absorption of the ^-lactam at 5.75 fi and that , 
of the exomethylene group at 1 1 /i. In the ultraviolet 
spectrum (water), this product does not show any ab^ 
sorption characteristic of a A=-cephem ring in the 
neighborhood of 260 m/i. The nuclear magnetic reso- 
nance spectrum (heavy water, 100 Mc) of this product 
shows an overlapping doublet due to the 2-methylene 
protons at 3.50-3.79 ppm (J=I2 cps), a singlet due to 
the thiophene ring 2-methyiene protons at 4.07 ppm, a 
doublet due to the 3-exomethylene protons at 5.42 
ppm CJ=3 cps), two doublets (Ja-7=4 cps) due to the 
hydrogens in 6 and 7 positions at 5.54 and 5.60 ppm, 
respectively and a multiplet assignable to the thiophene 
ring protons at 7.15-7,50 ppm. 
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Phenylacetylchloride is used in the similar manner as 
Example 14 to give 370 parts of sodmm 7- 
phenylacetamido-3-exomethylenecepham-4-carboxy- 

late. ^ , . 

This product melts at 220''-222"C (decomp.) and, m 
the infrared spectrum (KBr disc), shows an absorption 
of the ;3-Iacfam at 1 740 cm"' and that of the exomethy- 
lene group at 920 cm"'. The nuclear magnetic reso- '" 
nance spectrum (heavy water, 100 Mc) of this com- 
pound shows an AB quartet due to the 2-methyIene 
protons at 3.64 ppm, a singlet due to the hydrogen in 
the 4 position at 5.12 ppm, two singlets due to the 
3-exomethylene protons at 5.39 and 5.41 ppm, and an ■= 
AB quartet due to the hydrogens in the 6 and 7 position 
at 5.46 ppm. 

EXAMPLE 16 

Phenoxyacetyl chloride is used in a similar manner as 20 
Example 14 to give 320 parts of sodium 7-phenox- 
yacetamido-3-exomethylenecepham-4-carboxylate. 

This product melts at 208°-2 1 2"C (decomp. ) and, m 
the infrared spectrum (KBr disc), shows an absorption 
of the ;3-lactam at 1 750 cm"' and that of the exomethy- ^= 
lene group at 920 cm-. The nuclear magnetic reso- 
nance spectrum (heavy water, 100 Mc) of this com- 
pound shows a quartet due to the 2-methylene protons 
at 3 62 ppm, a singlet due to the hydrogen in 4 position 
at 5.23 ppm, a doublet due to the 3-exomethylene '" 
group at 5.80-5.82 ppm, and an AB quartet due to the 
hydrogens in the 6 and 7 position at 5.60 ppm. 
EXAMPLE 17 

In 20 000 parts by volume of dichloromethane are 35 
dissolved 228 parts of methyl 7-amino-3-exome- 
thylenecepham-4-carboxylate and 121 parts by volume 
of N,N-dimethylaniIine, followed by the addition of 
176 parts of 2-thienylacetyl chloride. 

The mixture is stirred at room temperature for 5 »" 
hours and the resulting reaction product is worked up 
to obtain 200 parts of methyl 7-(2-thieny!acetamido)- 
3-exomethylenecepham-4-carboxylate, 

This product melts at 77.5°-78.5"C and, m the mfra- 
red spectrum (in chloroform), shows an absorption of " 
the fl-lactam at 5.67 n and that of die exomethylene 
croup at 1 1 a. The nuclear magnetic rosonancespcc- 
trum (deuteriochloroform, 100 Mc) of this compound 
shows an AB quartet due to the 2-methyIene protons at 
3 37 ppm, a singlet due to the ester methyl protons at =" 
■in ppm, a singlet assignable to the thiopene ring 
2-methylene protons at 3.7S ppm, a singlet due to the 
hydrogen in the 4 position at 5.01 ppm, a broad singlet 
due to the 3-exomethylene protons at 5.17 ppm, a 
doublet and a doublet of doublet due to the hydrogens 
in the 6 and 7 position at 5.32 and 5.60 ppm, respec- 
tively and a doublet due to the 7-NH group at 6.45 
ppm. 

EXAMPLE 18 60 

185 parts of tributylamine and 214 parts of 7-amino- 
3-exomethylenecepham-4-carboxylic acid are dis- 
solved in 30,000 parts by volume of chloroform. 

To this solution is added 121 parts by volume of 
N,N-dimethylaniIine, and the mixture is cooled to 

Then 207 parts of D-phenylglycyl chloride hydro- 
chloride is added over 10 minutes. The mixture is 



stirred at 5°-10"C for 1 hour and, then, at 10 -15 C for 
2 hours. The resulting reaction product is extracted 
with a 5% aqueous solution of sodium hydrogen car- 
bonate and the extract is passed through the column 
packed with polystyrene resin (Amberlite XAI)-". 
manufactured by Rohm & Haas Co. U.S.A.) to yield 56 
parts of purified sodium 7-(D-2-amino-2- 
phenylacetamido)-3-exomethylenecepham-4-carboxy- 

^This product melts at 178°C (sintered) and, in the 
infrared spectrum (KBr disc), shows an absorption of 
the a-lactam at 1 750cm-' and that of the exomethylene 
srouo at 917 cm"'. The nuclear magnetic resonance 
spectrum (heavy water, 100 Mc) of this compound 
shows a quartet due to the 2-methyIene protons at 3 .50 
ppm, a singlet due to the hydrogen in the 4 position at 
5 07 ppm a singlet due to the 3-exomethylene protons 
at 5 33 ppm, a doublet due to the hydrogen m 6 posi- 
tion at 5.49 ppm (J5.r-4 cps), and a doublet due to the 
hydrogen in the 7-position at 5.65 ppm (i,.e-A cps). 

To 400 parts by volume of pyridine is added 16.5 
parts of die above-prepared sodium 7-(D-2-amino-2- 
phenylacetamido)-3-exomethylenecepham-4-carboxy- 
late followed by the addition of 80 parts by volume of 
trimethylchlorosilane. The mixture is allowed to stand 
at 25°C for 24 hours and the reaction mixture IS con- 
centrated under reduced pressure at room tempera- 
ture To the concentrate is added 100 parts by volume 
of water, followed by filtration. The filtrate is brought 
to a pH of 4.0 and cooled. The precipitates formed 
thereupon are recovered by filtration to obtam 15 parts 
of 7-(D-2-amino-2-phenylacetamido)-3-mefliyl-3- 
cephem-4-carboxylic acid. This product shows in the 
utaaviolet spectrum, an absorption of the A'-oephem 
ring at 260 m,i, (6= 7700). The nuclear magnetic reso- 
nance spectrum (tritluoroacetio acid, 100 Mc) of this 
compound shows a singlet due to the 3-methyl protons 
at 2.30 ppm and a quartet due to the 2-methylene pro- 
tons at 3.35 ppm. 

EXAMPLE 19 

At 5°C a solution of 128 parts of IH-tetrazol-1-yl- 
acetic acid and 206 parts N,N'-dicyelohexyldiimide in 
10 000 parts by volume of tetrahydrofuran is added 
dropwise to a solution of 101 parts by volume of tneth- 
ylamine and 214 parts of 7-amino-3-exome- 
thyIenecephem-4-earboxylic acid in 30,000 parts by 
volume of dichloromethane. The mixture is stirred at 
the same temperature for 2 hours, and then at a tem- 
perature of 10°-1 5°C for 3 hours. The insoluble matters 
are removed by filtration and the filtrate is concen- 
trated under reduced pressure. The concentrate is ex- 
tracted with a 5% aqueous solution of sodium hydrogen 
carbonate and, then, purified with a polystyrene resm 
column (XAD-II) to give sodium 7-[2-{lH-tetrazol- 
1-yl) acetamido)-3-exomethylenecepham-4-carboxyhc 
acid In the infrared spectmm (KBr disc), this com- 
pound shows an absorption of Uie ;3-lactam at 1750 
cm-" and that of the exomethylene group at 922 cm 
(KBr disc.) The nuclear magnetic resonance spectrum 
(heavy water 100 Mc) of tiiis product shows a quartet 
due to the 2-methylene protons at 3.68 ppm, a single, 
due to the hydrogen in the 4 position at 5.16 ppm, a 
doublet due to the 3-exomethylene protons at 
5 42-5 46 ppm, doublets due to the hydrogens m the 6 
and 7 position at 5.59 and 5.66 ppm, respectively (J^ 
j-4 cps) a singlet due to the tetrazole ring proton at 
5 70 ppm and a singlet due to the tetrazole hydrogen in 



Case 1:06-cv-01640-TFH Document 23-3 Filed 06/29/2007 Page 9 of 11 



3,929,775 



13 



14 



the 5 position at 9.44 ppm. 

EXAMPLE 20 
to 10,000 parts by volume of tetrahydrofliran are 
dissolved 251 parts of N-(t)-butoxycarbonyiphenylgly- 
cine and 101 parts by volume of triethylamine and, at 
— 10°--7°C, 136.5 parts of isobutyl chloroformate is 
added dropwise to this solution. At tlte same tempera- 
ture, the mixture is stirred for 30 minutes and the pre- 
cipitated triethylamine hydrochloride is filtered off. 
The resulting solution is mixed acid anhydride is added 
dropwise to a solution of 214 parts 7-amino-3-exome- 
thylenecepham-4-carboxyIic acid and 101 parts trieth- 
ylamine in 20,000 parts by volume of dichloromethane 

... . < •. ■ _•. 1 nO 1 co(-i Cnf O Tioiiro Thp rpnn. 



carboxylic acid and 101 parts triethylamine in 30,000 
parts by volume of dichloromethane, followed by stir- 
ring for 5 hours. The solvent is distilled off under re- 
duced pressure and the residue is dissolved in a 5% 
5 aqueous solution of sodium hydrogen carbonate. The 
solution is passed through a column packed with poly- 
styrene resin (XAD-II) to obtain sodium 7-(5'-car- 
boxy-5'-aminovalerylamino)-3-exomethylenecepham- 
4-carboxylate. The nuclear magnetic resonance spec- 
ie trum (heavy water, 100 Mc) of this product shows a 
triplet due to the valeryl 2-protons at 2.66 ppm, a quar- 
tet due to the 2-methylene protons at 3.74 ppm, a trip- 
let due to the valeryl 5-hydrogen at 4.00 ppm, a singlet 

^'"l^:TZ^Z^ll^n::r^T^:Jpr.s^r. ppmandasingletducothej-exomethyleneprotonsat 

and the concentrate dissolved in ethyl acetate. The 5.63 ppm. 

resulting solution is extracted with a 5% aqueous solu- EXAMPLE 24 

ts!^:t::x:^'^^'^^^^ - - T. cr-'nodLr^J^t^^^-fm: 

at 7.32 ppm. ^.^^ 2-ethylhexanoate in isopropanol, and the precipi- 

EX AMPLE 21 rates formed thereupon are collected by filtration to 

In 2000 parts by volume of dimethylacetamide is obtain the 7-p-2-0-methyUulfonylethoxycar- 

suspended 2U parL o? 7-amino-3-exomethyleneceph- 35 bonylamino)-2-phenylace^mido-3-ei^me- 

rmTctlWacid, foUowed by the addition of^H '^l^l^^^-^IZ^^^iT^r^i^,,.. 5,9 

methylsulfonyl protons at 3.34 ppm, a singlet due to the pound obtained m Example 5. 
hydrogeninthe4positionat5.14ppm,asingletdueto ™ EXAMPLE 25 

the 3-exomethylene P"""^/' "5 w» and doubWs ^^ .^ ^^^^^^^^ 3^ 

dueto the hydrogens m the 6^and_7 position at 5.47 and ^ m^ ^^p ^^^^y_ 7.(2.thienylacetamido)-3-exome- 

thylenecepham-4-carboxylate and the solution is al- 
55 lowed to stand at 22°C for 24 hours. The reaction prod- 
uct is poured into 10000 parts by volume of water, 
followed by extraction with chloroform. 

The chloroform layer is washed with dilute hydro- 
chloric acid and then with water and, after drying over 
EXAMPLE 23 60 magnesium sulfate, the chloroform.is distilled off under 

rf6?ra- :rI:arrroSr^-atd t"e ;ix?u^- jLt an absorb 

'^^^i^^T^SSS£S: 35s:=sSro=rshr^s 

;rtr4".amfn:Sxome;hyttce'phamV glet Le to the 3-methyl protons at 2.,0 ppm, an AB 



5.57 ppm, respectively (J^,=4 cps). 
EXAMPLE 22 
Isobornyloxy chloroformate is used in a similar man- 
ner as in Example 2 1 to give sodium 7-isobornyIoxycar- 
bonylamino-3-exomethyIenecepham-4-carboxylate. 
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quartet due to the 2-methylene protons at 3.28 ppm, a 
sinriet due to the ester methyl protons at 3.69 ppm, a 
singlet due to the thiophene 2-methyiene protons at 
4 01 ppm, a doublet due to the C.-hydrogen at 5.W 
ppm (j1^ cps), a doublet of double, due to the C,^ 
hydrogen at S.70 ppm {.i^-F-i cps, J,j,«-10 eps), a 
doubtet due to the 7-NH at 6.52 ppm (J,,v^lO cps) 
and a multiplet assignable to the thiophene ring protons 
at 6.90-7.30 ppm. 

EXAMPLE 26 

In 400 parts by volume of pyridine is dissolved 35 
parts of 7-(2-thienylacetamido)-3-exomethyleneceph- 
am-4-carboxyli= acid, followed by the addition of 20 



u diluted with 100 parts of water and filtrated. The 
ffltfatels a^Sted to'i^H 4.0 and cooled. The resulting 
precipitates are collected by nitration, wl"=«''P™ 'f 
parts of 7-(D-2-amino-2-phenylacetam,do)-3-methy- 

' 3-cephem-4-carboxylic acid is obtamed. In the ultravi- 
olet spectrum, this compound shows an absorption 
characteristic of a A'-cephem rmg at 260 m^ 
(e=7700) The nuclear magnetic resonance spectrum 
ofthis compound (trifluoroacetic -cU. 1 00 Mc) shows 

a singlet due to the 3-methyl protons at 2.30 ppm and 

a quartet due to the 2-mcthylene protons at 3.35 ppm. 

EXAMPLE 31 



In 10,000 parts by volume of water is dissolved 10 

am-4-carboxylic acid, followea oy u.e »uu.^"" "■ -- • ^ 7.[i.(iH)-tetrazolylacetam!do]-3- 

parts of trimethylchlorosilane. The mixture is allowed PJ"!, °' '°™J^3n,i.carboxylate. 

I stand at 20"C for 20 hours. The reaction mixture is «°"'»*f^="^=„^^^^^^^^ through a column packed witii 

poured into water and treated in a similar manner as m J^"°™J^P^^b„,te XAD-II; manufactured by 

Example ,. The resulting solid product is dissolved in a P^'f^y^^^HYa^^^^^.s.A., 1 00-200 mesh; 45 cm long 

mixture of tetrahydrofuran and ether and sodium 2- Rf"*™/,^''„,,ent:l% aqueous alcohol), where- 

athylhexanoate is added. The precipitates formed^ X2cmd^ame, ^^ ^^^^ 7-[I-(lH)-tet- 

thereupon are recovered by ""'■''''""•/.''f"?"" ? Sylaeetamido]-3-methyl-3:cephem-4-carboxylate 

parts of sodium 7-(2-thienylacetamido)-3-methyl-3- ""^^^^^ ,^'5^ procedure, 5 parts of the starting 

Lphem-4-carboxylate is obtained. This product melt '^^°°™ ,,„,,J. 

a, 23 rC and shows in the infrared spectrum KBr disc) ^^ materia. ^^^^^^.^^^^ ^^^^^^^^ (;„ „^,„), the former 

an absorption characteristic of a /3-lactam at 5. (3 IJ.. ^^j ^^o^j an absorption characteristic of a A - 

EXAMPLE 27 cephem ring at 264 m^. The "-1=^ ^fa-c -SO; 

,n a mixture of 300 parts by volume of ch^roform nauce ^^^^^^^^^^IZT ^H^.^^^ln. a. 

and 300 parts by volume of triethylamine is dissolved P"""^ shows a g^^^^^ ^^^ ^^ ^^^ ^-methylene pro- 

50 parts of methyl 7-(2-thienylacetam.do)-3-exoni=- 2^0' PP". "i^ ^^^^^^^ ^^^ ,„ ^, hydrogen m 

thylLeoepham-4-carboxylate. The solution is allowed tons J 3 w ^. ^^^^ ^^^^ ^ 

to stand at 24°C for 20 minutes, whereupon some ° P i„,he7 o,itio„ at5.S2ppm (Jr^5 cps), 

amount of methyl 7-(2-thienylacetan,ido -3-meAyl-3- my g „„^^o,y,aoetyl protons at 5.72 ppm 

cephem-4-earboxylate, which is the ^r The 35 LTf single, assignable to the .e.ra.ole ring proton a. 

orcduc, separa.es ou. from the reaction mixtures, i he b 

^Txture'is further allowed to stand for 24 hours and 9.47 ppm. ^^ 

then, worlted up in the similar manner as Example 25 w ^^^ producing a compound of the for- 

to give 49 parts of methyl 7-(2-thienylacetam,do)-3- ^i^^ P 

inethyl-3-cephem-4-carboxylate. ^^ 



E»H, 




and/0 




EXAMPLE 28 ^^ 

In a small quantity of benzene is dissolved 1 00 parts 
of' methyl 7-(2-.hienylacetamido)-3-exome- 

°hylenecepham-4-carboxyla.e. The solunon is charged 
on he column packed with 2000 parts of silica gel and 
°he column is allowed to stand at 22°C for 48 hours. ,3 
Then, chloroform is passed through the column, where- 
upon 42.3 parts of methyl 7-(2-th.enylaeetam.do)-3- 
methyl-3-cephem-4-carboxylate elutes from the eo - 
umn In addition, 50.7 parts of Ute starting material 
ester is recovered. 60 

EXAMPLE 29 

To 400 parts by volume of pyridine are added 1 6_5 
pa ts of sodium 7-(D-2-amino-2-phenylacetamido)-3- 65 
exomethylenecepham-4-carboxylate and 80 parts of 

'"^fmt"retrwed to stand at 25-C for 24 hours, 
and the reaction mixture is concentrated under re- 
duced pressure a. room .emperature. The concentrate 



wherein R is hydrogen or an acyl group selected from 
the group consisting of 5-amino-5-carboxyvaleryl, 
thienjiacetyl, phenylglyeyl, -="1??^="^ \-'yl- WJ 
dvlthioacetyl, phenoxyacetyl, 5-methyl-3-phenyi-4- 
fsoxaSylcariionyl, l-c^clohexenylglycyl, cyanoaeety^ 
tetrazolylacetyl, ;3-ethylsulfonyIethoxycarbonyl and 
^-phenylsulfonylethoxycarbonyl, which comprises re- 
acting a compound of the formula: 



0^- , u 

COOK 
wherein R is as defined above, with a compound se- 
lected from the group -^o-sisting of chromous acetate 
ehromous sulfate, chromous chloride ='=;<1 *'™°"^ 
ethylenediamineatatemperatureoffromO Cto 100 C 

and at a pH of from 2 to S. r n^ for 

2. A process for producing a compound of the for- 
mula; 
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COOH 

wherein R is hydrogen or an acyl group selected from 
the group consisting of 5-aniino-5-carboxyvaleryl, lo 
thienylacetyl, phenylglycyl, a-sulfophenylacetyl, pyn- 
dylthioaccty!, phenoxyacetyl, 5-niethyl-3-phenyl-4- 
isoxazolylcarbonyl, 1-oyclohexenylglycyl, cyanoacetyl 
tetrazolylacetyl, p-ethylsulfonylethoxycarbonyl and 
3-phenylsulfonylethoxycarbonyl, which comprises re- 15 
acting a compound of the formula: 

mn -S. 



wherein R is hydrogen or an acyl group selected from 
the group consisting of 5-amino-5-carboxyvaleryl, 
thienylacetyl, phenylglycyl, a-sulfophenylacetyl, pyri- 
dylthioacetyl, phenoxyacetyl, 5-methyl-3-phenyl-4- 
isoxazolylcarbonyl, 1-cyclohexenylglycyl, cyanoacetyl, 
tetrazolylacetyl, ;8-ethylsulfonylethoxycarbonyI and 
^-phenylsulfonylethoxycarbonyl, which comprises con- 
tacting a compound of the formula: 



RNH 




i N-- 



COOH 

wherein R is as defined above, with a compound se- ' 
lected from the group consisting of chromous acetate, 
chromous sulfate, chromous chloride and chromous 
ethylenediamine at a temperature of from 0°C to 100°C 
and at a pH of from 2 to 8 and, when a compound of , 
the formula: 



SHH 




COOH 



wherein R is as defined above, is obtained, contactmg it 40 
with a catalyst selected from the group consisting of 
pyridine, picoline, lutidine, quinoline, isoquinolme, 
dimethlaniline, triethylamine, N-methylpiperidine, sil- 
ica gel and alumina at a temperature of from 0°C to 

100-C. _, , . , 

3. A process for producing a compound of the for- 
mula: 



30 




wherein R fe as .defined above, with a catalyst selected 
from the group consisting of pyridine, picoline, luti- 
dine, quinoline, isoquinoline, dimethlaniline, triethyl- 
amiiie, N-methylpiperidine, silica gel and alumina at a 
temperature of from 0"C to lOO'C. 

4. A process as claimed in claim 3, wherein R is an 
acyl group as defined. . 

5. A process as claimed in claim 1, wherein R is 
hydrogen, 5-amino-5-carboxyvaleryl, phenylglycyl or 
1-cyclohexenglycyl. 

6. A process as claimed in claim 4, wherein the acyl 
group is 5-amino-5-carboxyvaIeryl, phenylglycyl or 
1-cyclohexenylglycyl. 

7. A process as claimed in claim 4, wherein the start- 
ing compound is prepared by acylating 7-amino-3- 
exomethylenecepham-4-carboxylicacid. 

S. A process as claimed in claim 4, wherein the start- 
ing compound is prepared by deacylating 7-(5-amino- 
5-carboxyvalerylamido)-3-exomethylenecepham-4- 
carboxylic acid and by acylatmg the thus obtained 
7-amino-3-exomethylene-cepham-4-carboxylioacid. 

9. A process according to claim 1, wherein the amino 
substituted acyl groups are protected in the conven- 
tional manner. 

10. A process according to claim 2, wherein the 
amino substituted acyl groups are protected in the 
conventional manner. 

11. A process according to claim 3, wherein the 
amino substituted acyl groups are protected in the 
conventional manner. 

12. A process as claimed in claim 2, wherein R is 
hydrogen, 5-amino-5-carboxyvaleryl, phenylglycyl or 
1-cyclohexenglycyl, . . 

13. A process as claimed in claim 3, wherein R is 
hydrogen, 5-amino-5-carboxyvaleryl, phenylglycyl or 
I -cyclohexenylglycyl. 
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